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ABSTRACT 
Phosphates present in domestic wastewater causes eutrophication. The wastewater treatment system in Kuching 
would never be able to overcome this problem. Ecological sanitation (ecosan) is an environmentally more efficient 
way to treat domestic wastewater. The constructed wetland in Ecosan functions in trapping phosphates, preventing 
them from flowing freely into storm water drains. The substrate in the constructed wetland may play the greatest role 
in trapping the phosphates. In this study, the adsorption capability of crushed red bricks was examined using the 
sequential system and the semi-batch system. In the sequential system, six different flow rates were examined and 
the size of adsorbents used was in the range of 4-10 mm. At the flow rate of 11.83 mU min, 1.6 mg! kg of 
phosphates were removed, at 5.75 mU min, 0.9 mg! kg of phosphates were removed, at 2.58 mU min, 1.3 mg/ kg of 
phosphates were removed, at 1.78 mU min, 1.3 mg! kg of phosphates were removed, at 1.50 mU min, 1.6 mg! kg of 
phosphates were removed and at 1.06 mU min, as much as 1.3 mg! kg of phosphates were removed. With the semi­
batch system and using adsorbents with the size in the range of 4-10 mm, 1.8 mg! kg of phosphates were removed 
after 24 hours and after 48 hours, 2.0 mg! kg of phosphates were also removed. After crushing the bricks to a smaller 
size, which is in the range of 2-4 mm, 2.5 mg! kg of phosphates were removed after 24 hours and 3.5 mg! kg of 
phosphates were removed after 48 hours. This shows that the semi-batch system was able to remove phosphates 
more efficiently due to more contact of the phosphates with the adsorbents through this method. From the sequential 
system, although adsorption occurs straight away, only a limited amount of phosphates was removed. Smaller size of 
the adsorbent increases su rface area and enables more phosphates to be adsorbed. 
Key words: crushed red bricks, adsorption, flow rate 
ABSTRAK 
Eutrofikasi berpunca dari air kumbahan domestik yang mengandungi fosfat. System rawatan air yang diamalkan di 
Kuching tidak akan dapat mengatasi masalah eutrofikasi ini. Ecosan merupakan satu teknologi hijau yang dapat 
merawat air kumbahan domestik secara lebih berkesan dan mapan. Sistem paya tiruan dalam ecosan dapat 
memerangkap fosfat dan mengelakkannya daripada dibebaskan ke sungai dan oleh itu menghalang proses 
eutrofikasi daripada berlaku. Bahan substrat dalam sistem paya tiruan boleh memainkan peranan paling penting 
dalam memerangkap fosfat. Dalam kajian ini, kebolehan batu bata yang telah dihancurkan untuk menjerap fosfat 
dijalankan melalui kaedah 'sequential system' dan 'semi-batch system '. Kaedah 'sequential system'dikaji 
menggunakan enam jenis kadar aliran air yang berbeza. Saiz batu bata yang digunakan ialah dalam lingkungan 4­
10 mm. Pada kadar aliran 11.83 mL! min, sebanyak 1.6 mg/ kgfosfat telah dikeluarkan. Pada kadar aliran 5.75 mL! 
min, sebanyak 0.9 mg/ kg fosfat telah dikeluarkan. Pada kadar aliran 2.58 mL! min, sebanyak 1.3 mg/ kgfosfat telah 
dikeluarkan. Pada kadar a/iran 1.78 mL! min, sebanyak 1.3 mg/ kg fosfat telah dikeluarkan. Pada kadar aliran 1.5 
mU min, sebanyakl.6 mg/ kg fosfat telah dikeluarkan dan pada kadar aliran 1.06 mL! min, sebanyak 1.3 mg/ kg 
fosfat telah dikeluarkan. Apabila menjalankan kaedah 'semi-batch' dengan saiz batu bata dalam lingkungan 4-10 
mm, 1.8mg/ kg fosfat lelah dikeluarkan selepas 24 jam. Selepas 48 jam, sebanyak 2.0 mg/ kg fosfat telah 
dikeluarkan. Saiz batu bala dalam lingkungan 2-4 mm seterusnya digunakan dan selepas 24 jam, sebanyak 2.5 mg/ 
kgfosfat telah dikeluarkan. Selepas 48 jam, sebanyak 3.5 mg/ kg fosfat telah dikeluarkan. Kajian ini menunjukkan 
hahawa kaedah 'semi-batch' dapat menjerap lebih banyak fosfat kerana interaksi antara batu bata dengan fosfat 
adaiah lebih baik berhanding dengan kaedah 'sequential system '. Dalam kaedah 'sequential system ',fosfat dijerap 
pada batu bata dengan cepat, walaubagaimanapun hanya sedikit fosfat dapat dikeluarkan. Saiz batu bata yang lebih 
kecil membolehakan lebih banyakfosfat dijerap. 






The wastewater issue is a major world water crisis, which the world is facing. If proper treatment 

is not done on the wastewater, both the people and the environment will be badly affected. 

Wastewater treatment facilities are therefore very important. Kuching City has a population of 

nearly 500 000 people. With this present population growth, the current partial treatment of 

wastewater is DO longer sufficient to avoid pollution of streams, rivers, lakes and coastal areas of 

Kuching. The existing wastewater system in Kuching will retain black water, which refers to the 

toilet waste, in septic tanks for partial treatment before discharging it into stonn water drains 

whilst grey water, which refers to all other types of domestic wastewater from washing, bathing, 

kitchen outlets and cleaning, is discharged directly into the open stonn water drain. Septic tanks 

are able to remove the organic matter by only 50% and do not significantly reduce bacteria or 

nutrients (NREB, 2004). This means our present practice of flush and discharge sewage system 

introduces a large one way flow of excreta that contain organic matter, plant nutrients, honnones 

and etc. to the aquatic environment and this flow has proven to be a serious impediment to the 

development of a sustainable society (Jonsson, 2003). Phosphorus is the key nutrient growth of 

algal and other biological organisms, which in excess causes eutrophication of water bodies. 

Eutrophication is an environmental hazard and is known to be one of the major environmental 

problems faced by some countries. In order to protect our water bodies from the threat of 

eutrophication, we need a wastewater treatment that will not only reduce hannful pollutants but 

also one that can remove nutrients. Ecological sanitation (ecosan) is a solution to this problem. 





utrients and water as a hygienically safe, closed-loop and holistic alternative to conventional 
lutions. Ecosan systems enable the recovery of nutrients from human faeces and urine for the 
enefit of agriculture, thus helping to preserve soil fertility, assure food security for future 
enerations, minimize water pollution and recover bioenergy (Werner et aI., 2003). The main 
lements in ecosan are the biofilter and the constructed wetland. The biofilters contains 
ightweight aggregates which degrades the organic matter in wastewater. The constructed wetland 
traps the nutrients present in wastewater through the media present in the constructed wetland and 
through the roots of the plants growing on the constructed wetland. Microorganisms living in the 
constructed wetland will also remove the nutrients by consuming them. The media in the 
constructed wetland for example lime stone, is capable of removing phosphates by binding them 
to it, thus preventing these nutrients from flowing out into our surface water. In this study, 
crushed red bricks will be used to determine the effectiveness of this material in adsorbing the 
phosphates and thus whether it is suitable or not to use red bricks instead of lime stone. 
1.1 PROBLEM STATEMENT 
Eutrophication is a problem. Eutrophication threatens the quality and quantity of our freshwater. 
The root cause of eutrophication is due to effluent still containing nutrients, be it in the treated 
black water or untreated grey water. Our conventional wastewater treatment facility therefore, is 





thosphates that remain in the effluent of treated wastewater, which is a source of eutrophication, 
tan be effectively removed by adsorption process onto geological materials. For example bricks, 
IVhich contain heavy metals like aluminum, calcium and iron, can react with phosphates to form 
~eral phosphate . 
.3 OBJECTIVE 
Ifhe objective of this project was to optimize the removal of nutrients in the treated wastewater 
~ough adsorption onto red bricks. The specific objective was to determine the factors 







~1 Wastewater and Sustainable Development 
~e have not inherited this globe from our ancestors, but borrowed it from our children. It is 
Jlerefore our obligation to strive towards sustainable development. The Millennium Development 
~oals (MOO) for example is one of the programmes that birth forth out of a desire to achieve 
~tainable development. According to this programme, increasing the access to basic 
lequirements such as clean water and sanitation is needed to eradicate poverty, a step in reaching 
~stainable development. Water is a non-renewable resource and it is to be used sustainably. 
~ccording to WHOlUNlCEF (2000) in Lawless (2005), it has been estimated that today, more 
~an 2 billion people are affected by water shortages in over 40 countries; 1 billion do not have 
!rufficient drinking water and 2.4 billion have no provision for sanitation. 
f\Vater treatment and supply are often granted a much higher priority than wastewater collection 
and treatment despite the fact that sanitation deserves a greater emphasis due to the impact that 
iP<><>r sanitation has on everyday lives, especially on those of the poor (Werner et al., 2003). In 
2000, the estimated mortality rate due to hygiene related diarrhoea and other water and sanitation 
related diseases (schistosomiasis, intestinal helminth infections etc.) were about 2.2 million. 
Worldwide, over 2 billion people were infected with schistosomes and helminthes, of whom 300 
million suffered serious illness, most of them children under the age of 5 (Werner et al., 2003). 
Ho this happen is due to our present situation of wastewater management and sanitation, which 
4 
~ists of using surface and groundwater as a sink for human excreta and wastewater. This has 
~ught about increasing health hazards, environmental and water pollution, the steady 
wadation of natural resources and the permanent loss of nutrients and organics from the soil 
here. 
~ Wastewater treatment in Kuching 
uching City is not excused from this practice of flush and discharge sewage system. Almost all 
~ the houses in Kuching already have piped water supply and flush toilets. The main sanitation 
~es today are related to the wastewater discharge. Wastewater is divided into two types. Black 
vater which is toilet waste and grey water which is all types of domestic wastewater except toilet 
~aste. In Kuching, black waters are stored in septic tanks while grey water is directly discharged 
oto storm water drains. Septic tanks are supposed to be desludged once every 4 years. Sludge is 
~ partially treated before discharging into storm water drains, which than continuously flow to 
Jte nearest stream or river. Septic tanks can only reduce the organic matter by around 50% and do 
~t significantly reduce bacteria or nutrients. Table 1 shows the different sources of significant 
pollutants in wastewater released from households, food outlets and industries. 
5 
Table 1: Pollutants released in wastewater (NREB, 2004) 






BOD, organic matter 5900-9700 650 15 
TSS, total suspended solids 5400-8000 260 60 
Total Nitrogen 2600-3400 30 5 
Total Phosphorus 500-600 10 3 
Oil and grease 200-350 60 2 
~ present practice of flush and discharge sewage system introduces a large one way flow of 
~creta which contains organic matter, plant nutrients, hormones, pathogens, medicinal residue 
Ie to the aquatic environment. This flow is a serious impediment to the development of a 
gstainable society. The continuously increasing number ofproblems observed due to this flow of 
Kcreta; eutrophication and algae blooms, depletion of arable fields, fish affected by endocrinal 
~sruptions and water polluted by pharmaceutical residues shows that this end of pipe solutions 
~ill never be able to make up for this impediment (Jonsson, 2003). 
~.3 Eutrophication due to nutrients in wastewater 
~xcreta that contain plant nutrients have led to serious eutrophication and oxygen deficiency in 
~ipient waters. Eutrophication depletes oxygen level in the water, increases turbidity, increases 
jhe color content, increases the frequency of taste and odor problems, interferes with the water 
~eatment process, causes filter clogging, produces harmful toxins and decreases the aesthetic 
quality of the water. Excessive growths of aquatic weeds will also inhibit the transmission of 
:water in irrigation canals. 
6 
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then there is lack of oxygen in the water bodies as it is used up by the algae and higher aquatic 
tints, large concentrations of ferrous iron, manganous manganese andlor hydrogen sulfide will 
~ur as a result of the anaerobic conditions. Since these reduced forms of iron and manganese 
~ highly soluble, the concentrations may increase to levels which cause serious water quality 
roblems (Lee, 1972). Concentrations of iron and manganese in excess of 0.3 mg/L may produce 
~ectable taste and odor; red colored water which may stain clothes, cooking utensils, and 
Jurnbing fixtures; accumulations of precipitated iron in the distribution system; and growth of 
rrenothrix (an iron bacterium) in the pipes. The bacterial growth can produce additional taste and 
~or problems (McGhee, 1991). Aquatic organisms such as the fishes will also eventually die 
hen there is lack ofoxygen levels in the water, hence, causing the water body to be dead. 
~crease in turbidity or reduction of light penetration in water caused by excessive growth of 
19ae becomes a problem when they have to be removed by water treatment. Generally their 
~oval involves the addition of coagulants such as iron or aluminum salts followed by filtration 
~ugh sand or other media filters. Whenever large concentrations of algae are present in the 
~ater, the rate at which these filters become clogged increases to such an extent that the filters 
... ve to be cleaned more frequently than they would if no algae were present (Lee, 1972). 
"oxins are also produced during eutrophication. The 'red tide' that is frequently seen along the 
~ts ofCalifornia, the Gulf of Mexico, and India has been caused by the buildup of microscopic 
~nojlagellates, The red tide along the coast of India has been thought to be caused by an 
t»verahundance of mineral nutrients deposited by the heavily mineral-Ioaded-run-off of flood 
~ater during the monsoon rains, Along the California coast, it has been suspected that the 
D 1['''n',ems from sewage outfalls contribute to excessive growth of the organisms when suitably 
7 
,.... 
~ temperatures and other favorable conditions prevail. The effects of 'red tide ' have been the 
~uction of a lethal poison called saxitoxin, which accumulates in the bodies of clams and 
IISsels. When people eat the clams and mussels, they become liable to be stricken with 
lu'alytic shellfish poisoning', a dangerous form of food poisoning having a 21 % mortality rate 
Ihhatwal, 1993). 
~e transmission of water in irrigation canals can be greatly inhibited by excessive growths of 
(Uatic weeds. The weeds increase the frictional resistance and, in addition, these same weeds 
jn cause significant losses of water through increased evapotranspiration. This problem is 
~cularly felt in the arid areas of the western part of the United States where long irrigation 
~ter canals are used (Lee, 1972). Besides this, dead algae releases organic compounds which 
~use a pale yellow color in the water. Hydrogen sulfide released due to the anaerobic conditions 
• eutrophication emits a foul smell that is sometimes mistaken for the discharge of untreated 
~cipal waste. Sources known to release nutrients into our environment are to be pin point and 
~on taken to reduce the threat of anthropogenic eutrophication. 
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Ecological sanitation to overcome eutrophication 
of phosphates into the aquatic environment will bring many bad effects. However, if 
ged in the right way phosphates from excreta and grey water can actually become a 
urce for us. We know that phosphates are essential for the growth of plants. These phosphates 
be trapped and used as fertilizer in agriculture production. Considering that phosphate 
urces will be exhausted within several decades (Kotabe, 1987 in Kuzawa et ai., 2005), a 
sphate recovery process should be incorporated with a phosphate removal system. When 
'cnts that we release is recovered and recycled into arable fields as fertilizer, from where they 
ly originated this will create closed nutrient loops. With closed nutrient loops, plant 
. ents will flow in the way they were meant to flow and plant production can be sustainable 
a very long time perspective (Jonsson, 2003). 
logical sanitation is the best solution to this sustainable development issue. Ecosan is non­
sanitation- involving only a small, locally piped network (NREB, 2004). Wastewater 
tion at the source and recycling of the nutrients and other components in the black water 
fundamental principles (NREB, 2004). The main components in ecosan are the pre-treatment 
filters and the constructed wetland. Ecosan treatment systems separate the black water from 
grey water. Black water which contains the bulk of bacteria and around half of the organic 
terial and nutrients constitutes around 10% of the total wastewater. This black water can be 
llected by tanker trucks and treated in a biogas plant to produce energy and fertilizer. Grey 
on the other hand, will flow through an oil and grease trap followed by biofilters and lastly 
__!II a constructed wetland. The oil and grease trap can remove oil and grease to about 88% 
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2004). Biofilters contain light weight material. Bacteria living on the surface of the 
degrade the organic matter while the wastewater slowly seeps down through the material 
, 2004). Organic matter is reduced from an average of 130 mg! L at the inlet to around 2 
L while oil and grease is further degraded from an average of 20 mg! L at the inlet to 1 mg! L 
discharged from the facility (NREB, 2004). The final part of the treatment involves 
IhUJ""(y the wastewater to flow through a constructed, horizontal subsurface wetland. A particle 
made of crushed lime stone from a local quarry ties up especially the phosphorus in the 
-.oj.....U while nitrogen is also reduced (NREB, 2004). Phosphorus from the grey water will 
~W1'.lUlllt: in the particle filter the lime stone, which must be renewed when the filter gets 
~.."t....t with phosphates. This will take from 10-15 years (NREB, 2004). This limestone 
1D1tainmg phosphorus is valuable as these phosphates can be recovered and made as fertilizer . 
....'''...111..'''' are able to adsorb and precipitate on lime stone due to the presence of calcium in lime 
Phosphate will react with calcium to form calcium phosphate, a mineral phosphate. 
Removal of phosphates through adsorption 
this research, bricks will be studied instead of lime stone. Generally, there are two types of 
clay bricks and cement sand bricks (Louis, 2001). The red clay bricks and the concrete 
are the most widely used in Sarawak. Clays for brick making differ widely in composition 
place to place and even in the same field, clay deposit from part or depth may differ 
igDlificantily from those from another part or depth (Louis, 2001). The compositions of clays are 
_lIiDlly silica and alumina. Present in all clays in addition to silica and alumina are lime, iron, 
10 
p!1ese, sulfur and phosphates (Louis, 2001). The presence of metals like aluminum, iron and 
lime in bricks can cause precipitation and adsorption of the phosphates. 
on the adsorption process to remove phosphates has also been widely studied to 
its feasibility and effectiveness in dealing with this nutrient problem. Southam et ai. 
) did a study on amorphous calcium silicate as a chemisorbent for phosphate and found that 
efficiencies of up to 100% were achieved at environmental and wet-scale concentrations 
ithO'SJ)lllate between 0.01 and 100 mg/L. Amorphous calcium silicate (ACS) is a novel silicate 
developed as filler for use in paper manufacture. Testing indicated that high 
iIt..,,-t1n1'" of phosphate meant higher adsorption onto ACS. Further studies showed that 
was found to be removed with the highest efficiency, which contradicted initial 
lUD!lptJlon that pol would be the more readily adsorbed form due to the lower solubility 
ofCa3(P04h compared to CaHP04and Ca(H2P04h (Southam et ai., 2004). 
presence of high levels of calcium, aluminium and iron oxides in industrial by-products such 
slags and adsorptive materials such as zeolite suggests that these substrates can absorb 
papbabiS and are potentially valuable for use in the removal of phosphates from wastewater 
....lfIJVJIln and Bavor, 1997). The results obtained by Sakadevan and Bavor (1998) on the study 
IftIItnlt'!ffIIi1 wetlands systems were; blast furnace slag, showed the highest phosphate adsorption 
(44.2 g P/kg of slag) followed by soil samples collected from an operating (Byron Bay) 
mtruc:ted wetland system in Northern NSW (4.2 to 5.2 g P/kg of soil). The surface soils 
_ ,K;U from regional constructed wetland systems were found to have the least phosphate 
11 

·..ptlcm capacity (1153 and 934 mg P/kg of soil respectively for Richmond and Carcoar 
..........''''1. The clinoptilolite material (zeolite), which is used to remove ammonium ion from 
"1!!W~lter was found to have a phosphate adsorption capacity of 2.15 g/kg. Other findings from 
study was; the initial solution of phosphate concentration differs for different substrates 
~X1Ulg upon the adsorption capacities and the phosphate composition of substrates, under 
situations the removal of phosphate by these substrates and soils depends upon the contact 
of the effluent with the substrate and the infiltration capacity of the substrate for the effluent­
contact time and infiltration capacity of the substrate will remove more phosphates, and 
adsorption is an exothennic process, adsorption is relatively low at lower temperatures and 
!.Il8S~es with increasing temperature (Samuel and Osman, 1987 in Sakadevan and Barvor, 
pH of the aqueous solution is another important variable that influences the adsorption of 
and cations at the solid liquid interfaces (Zeng et al., 2004). A study done by Zeng et al. 

) on the adsorptive removal of phosphate from aqueous solutions using iron oxide tailings 

that, phosphate adsorption tends to decrease with the increase of pH, from 8.6 mg Pig at 

3.2 to 4.6 mg Pig at pH 9.5. A similar trend was also observed for phosphate adsorption on 
This is likely to attribute to the fact that a higher pH causes the iron oxide surface to 
more negative charges and thus would more significantly repulse the negatively charged 
in solution. Therefore, the low adsorption of phosphates at higher pH values resulted from 
increased repulsion between the more negatively charged pol- species and negatively charged 
_ il8C:e sites. 
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removals in the conventional ways are done through chemical precipitation and 
_Dtlcm by trivalent metal salt addition, biologically and through ion exchange. Chemical 
is carried out by adding trivalent metal salts to the municipal wastewater for 
aluminum sulfate, ferric chloride and ferrous (bivalent) and ferric sulfates. The 
used in the removal of phosphates biologically are Acinetobacter species, 
"'·O~'1Cl~~r globiformis and Pseudomonas (Rybicki, 1997). Other methods of nutrient removal 
diversion of waste water, dredging, flushing, zoning, chemical control of nuisance plant 
biological control of nuisance plant growth, harvesting, mixing of lakes, control of 
sources of nutrients, urban drainage, hypolimnetic withdrawal, water-level 





Preparation of adsorbents 
Figure 1: Preparation of the crushed red bricks 
adsorbent used in this experiment was red bricks. Red bricks were selected as an adsorbent 
"1DSe they are known to contain metals like aluminum, iron and calcium which can react with 
-.lPbldes to fonn mineral phosphates. However, bricks came in different types and different 
depending on its intending usages. The bricks used in this experiment were 
Dmmcrcuilly available red bricks. The crushed red bricks were processed by first smashing the 
brick into pieces with a hammer. After smashing the bricks, they were further grinded into 
pieces with a pestle and a mortar. The ground bricks were than sieved with a 10 mm sieve 
14 
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ilJl(llwc:d by a 4 nun sieve (Figure 1). The sizes of the crushed bricks used throughout this 
apenment were therefore in the range of 4-10 mm. This crushed red bricks were washed under 
water until there was no more leaching of the orange-red color from the bricks. The bricks 
put onto a plastic tray and allowed to dry in a 60°C oven for at least one day. 
Sequential system 
Figure 2: The design for the sequential system method 
sequential system shown in Figure 2, involves the use of eluting columns which allow the 
••te solution to flow straight through the adsorbents. The height of the eluting column was 
The diameter was 4.7 cm. A tap is attached at the end of the column to control the flow 
15 
aod at the same time to collect the effluent. The eluting column was hold straight up with a 
stand (Figure 3). The eluting column was made of PVC pipe. 800 g of the adsorbents were 
mto the column each time the experiment was carried out. Packing of the bricks into the 
has to be done properly to avoid occurrences of empty spaces in between the adsorbents. 
height of the adsorbents when filled into the eluting column was approximately 48 cm. 
r~ttplllaLt; solution was introduced from the top of the column. Throughout the experiment, the 
llOSI~balte solution was maintained at a level which was just covering the top layer of the bricks. 
flow rate was controlled by adjusting the tap at the end of the eluting column. 6 different 
rates were examined, with the retention time of the phosphate solution in the column being 
minutes, 1 hour, 2 hours, 3 hours, 4 hours and 6 hours. The effluent that comes out from the 
below was collected into a 100 rnL measuring cylinder. The experiments were monitored 
D OUSithOlilt the whole process to make sure the flow rate was flowing at the right rate. The flow 
not remain constant throughout the whole experiment and have to be adjusted every now and 
The effiuent contains phosphates that have not been adsorbed. 
phosphate stock solution was prepared by dissolving 0.220 g of potassium dihydrogen 
.OS(:,halte powders with RO water into a 5 L volumetric flask. This was done twice to produce a 
solution of 10 L. The concentration of phosphate of the stock solution was 10 ppm. This 10 
stock solution was stored in the black bin in the sequential system design which acts as the 
_~n'r. There were 6 tap outlets from the reservoir. 6 eluting columns were positioned right 
these outlets. The flow of phosphate solution from the reservoir to the eluting columns was 
16 

JDi1lDnd by making sure the phosphate solution was maintained at a level just above the top 
f the adsorbents. This showed that the flow in and out of the column was the same. 
Figure 3: The eluting column 
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